
ORIGINAL RESEARCH
The Nutritional Risk Index as a Predictor of
90-Day Dialysis Dependence After Acute
Renal Failure: A Pilot Study

Dennis Emuron, MBChB,* Kaleb Thomas, MD,† and Ryan Mullane, DO‡

Objective: Return of sufficient renal function to discontinue dialysis following acute renal failure is an important clinical and patient-

oriented outcome. Our study sought to develop a model using the Nutritional Risk Index (NRI) to predict 90-day dialysis dependence.

Methods: We retrospectively analyzed 77 patients with acute renal failure admitted to a single university medical center’s intensive

care units between January 2015 and January 2019with the need for continuous renal replacement therapy.We assessed the predictive

ability of the NRI for 90-day dialysis dependence using age, serum total protein, number of vasopressor days, baseline predialysis esti-

mated glomerular filtration rate (eGFR), and Sequential Organ Failure Assessment (SOFA) score as covariates.

Results:Of the analytic group, 20 (25.9%) had severe nutritional risk, and 16 (20.8%) recovered from acute renal failure at 90 days. The

mean age was 57.1 years. The clinical model comprising the NRI, age, serum total protein, number of vasopressor days, SOFA score,

and baseline predialysis eGFR had an area under the curve (AUC) of 0.89 (95% confidence interval [CI], 0.81-0.97), sensitivity 56.3%,

and specificity 95%. Exclusion of baseline predialysis eGFR and SOFA score did not significantly decrease model discrimination, AUC

0.87 (95% CI, 0.78-0.97). The AUC was least when serum total protein was dropped from the final model, 0.79 (95% CI, 0.66-0.92).

Conclusions: The NRI when used together with other clinical parameters, including serum total protein, may improve the accuracy of

predicting renal recovery and independence from dialysis at 90 days.
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Introduction

PREDICTION OF RENAL recovery following acute
renal failure (ARF) requiring dialysis is a common

dilemma faced by clinicians. Plasma neutrophil gelatinase-
associated lipocalin, B-type natriuretic peptide,1 and urine
biomarkers have been modeled as variables within clinical
predictors including the Charlson Comorbidity Index
and Acute Physiology and Chronic Health Evaluation II
score in recent attempts at predicting renal recovery.2 Small
sample size and selection bias have limited generalizability
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with modest model discrimination among the obstacles
limiting their clinical utility.
Malnutrition is common in patientswithARF and is asso-

ciated with increased morbidity and mortality.3 Metabolic
implications of ARF include increased production of coun-
terregulatory hormones, cytokines, and immune mediators
that incite hypercatabolism and a negative nitrogen balance.
ARF leads to reduced renal water excretion, increased total
body fluid overload, extracellular volume expansion, and
interstitial edema. While continuous renal replacement
therapy (CRRT) may facilitate urea clearance and improve-
ments in fluid balance, it is marked by significant micronu-
trient and amino acid losses in the dialysate effluent.4-7

Protein-energy malnutrition that develops with ARF may
degrade the soluble endothelial glycocalyx, reduce colloid
oncotic pressure, and further increase renal edema.8

In this pilot study, we sought to investigate the association
between the Nutritional Risk Index (NRI) and 90-day dial-
ysis dependence in patients with ARF requiring CRRT
while assessing its accuracy in predicting renal recovery.
Methods
Study Design
We conducted a retrospective investigation of all patients

with ARF admitted to a single academic medical center’s
medical, cardiovascular, cancer, and surgical intensive care
units (ICUs) between January 1, 2015, and January 1,
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2019. Data were extracted from the electronic medical re-
cord by chart review. Inclusion criteria were patients with
ARF requiring CRRT, adult ($18 years), and baseline pre-
dialysis estimated glomerular filtration rate (eGFR)
$30 mL/min per 1.73 m2. Patients with a baseline predial-
ysis eGFR ,30 mL/min per 1.73 m2, end-stage renal dis-
ease (ESRD) on dialysis, ARF managed with intermittent
hemodialysis, unknown baseline eGFRor serum creatinine
level in the preceding 3 months, and those patients who
died or were lost to follow-upwithin 90 days from the initi-
ation of dialysis were excluded. Laboratory and demo-
graphic data including age, gender, ethnicity, body mass
index, severity of illness scores (including Sequential Organ
Failure Assessment [SOFA] and Simplified Acute Physi-
ology II), and vasopressor requirements were abstracted
from the day of initiation of dialysis.

Definitions
ARF was defined by Kidney Disease Improving Global

Outcomes 2012 guidelines using serum creatinine and
urine output criteria. All patients in our analytic cohort
had Kidney Disease Improving Global Outcomes stage III
ARF owing to the fact that they required renal replacement
therapy.9 Chronic kidney disease was classified by eGFR as
measured by the Modification of Diet in Renal Disease
equation. The NRI,10,11 an objective nutritional assess-
ment tool, was as calculated by
5ð1:519 3 Serum Albumin

ðg = dLÞÞ1
�
41:73

Present weight

Usual weight

�

Figure 1. Cohort assembly for adult patients with acute renal fa
The serum albumin utilized for calculation was the
most recent measure prior to the initiation of CRRT.
Usual weight was defined as the average weight in the
preceding 6 months, in absence of which ideal body
weight was used. Severe nutritional risk (SNR) was
defined as a NRI value , 83.5 and low-normal nutri-
tional risk $83.5.12 The primary outcome was renal re-
covery defined as independence from hemodialysis at
90 days, the conventional cutoff for classification as
ESRD.13
Statistics
Our primary analytic aim was to develop a model using

NRI to predict 90-day dialysis dependence as a binary
outcome. We used multiple logistic regression to measure
the association between NRI and 90-day dialysis depen-
dence adjusted for age, serum total protein, baseline pre-
dialysis eGFR, vasopressor requirements, and SOFA
score. These covariates were selected a priori, considered
biologically relevant, and modeled as continuous vari-
ables. Baseline characteristics were compared across nutri-
tional risk groups using Fisher’s exact test for categorical
variables and analysis of variance for continuous variables.
Predictive models were tested sequentially dropping
potentially confounding covariates while comparing c-
statistics. Model calibration was checked using the
Hosmer-Lemeshow c2 goodness-of-fit test. In secondary
analysis, we used body mass index and baseline predialysis
eGFR in logistic regression models to predict 90-day dial-
ysis dependence. Analysis was conducted using STATA
(version 15.1; StataCorp LLC, College Station, TX).
ilure (ARF) requiring continuous renal replacement therapy.



Table 1. Baseline Characteristics by Nutritional Risk Index

Variable*

Severe

nutritional
risk

(N 5 20)

Low

nutritional
risk

(N 5 57) P†

Women, % (n) 40 (8) 36.8 (21) .80

Age, yr 55 (16.8) 58 (13.1) .26

Race, % (n)
White 75 (15) 89.5 (51) .02

Black 20 (4) 3.5 (2)

Hispanic 0 (0) 7.0 (4)
Asian 5.0 (1) 0 (0)

BMI, kg/m2, % (n)

Normal (18.5-24.9) 25 (5) 10.5 (6) .02

Overweight (25-29.9) 35 (7) 15.8 (9)
Obese (30.0 and above) 40 (8) 73.7 (42)

Service, % (n)

Medicine 70 (14) 49.1 (28) .13

Surgery 30 (6) 50.9 (29)
Primary diagnosis, % (n)

Septic shock 20 (4) 14 (8) .16

Cardiogenic shock 5.0 (1) 17.4 (10)
ARDS 15 (3) 1.8 (1)

CABG 10 (2) 3.5 (2)

Heart transplant 0 (0) 14.1 (8)

Liver transplant 5.0 (1) 7.0 (4)
Other 45 (9) 42.2 (24)

Baseline eGFR, % (n)

$60 80 (16) 57.9 (33) .19

45-59 10 (2) 29.8 (17)
30-44 10 (2) 12.3 (7)

Total protein 5.1 (0.9) 5.7 (0.8) .004

Dialysis indication, % (n)
Hyperkalemia 15 (3) 26.3 (15) .49

Volume overload 35 (7) 40.4 (23)

Uremia 15 (3) 7.0 (4)

Acidosis 35 (7) 26.3 (15)
Number of vasopressor days 1.4 (2.1) 7.3 (9.1) .002

SOFA score 7.8 (2.9) 8.9 (2.5) .04

SAPS score 42.7 (1.8) 44.6 (1.2) .19

*Mean (standard deviation) unless otherwise specified.
†Probability range: 0.0-1.0.
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Results
Cohort Characteristics
Data extraction from the electronic medical record

yielded 462 patients with ARFwho required renal replace-
ment therapy; 77 met the eligibility criteria and were
included in the analysis (Figure 1). Of the cohort, 29
(37.7%) were women and 20 patients (25.9%) were classi-
fied as SNR. The mean age was 57.1 years (14.0 standard
deviations), and the mean duration of vasopressor use was
5.8 days (8.3 standard deviations). Common primary
admission diagnoses within the cohort included septic
shock, 12 (15.6%), cardiogenic shock, 11 (14.3%), conges-
tive heart failure exacerbation, 2 (2.6%), and surgical inter-
ventions including coronary artery bypass graft, 4 (5.1%),
heart transplant, 8 (10.4%), and liver transplant, 5 (6.5%)
(Table 1) with aortic dissection, small bowel obstruction,
and acute pancreatitis among others. Baseline predialysis
eGFR, serum total protein, and indications for initiation
of dialysis did not differ between the groups.

Dialysis Dependence Outcomes
Across categories of nutritional risk, 16 (20.8%) patients

were dialysis dependent at 90 days. In multiple variable an-
alyses, SNRwas associatedwith a 7-fold increase in the odds
of dialysis dependence at 90 days (adjusted odds ratio
[OR], 7.08; 95% confidence interval [CI], 1.19-41.3). A
unit increase in serum total protein decreased the odds of
90-day dialysis dependence by 84% (adjusted OR, 0.16;
95% CI, 0.04-0.61).
A 1-day increase in pressor requirements and each 10-

year increase in age were associated with a 16% (adjusted
OR, 1.16; 95% CI, 1.05-1.28) and 1% (adjusted
OR, 1.01; 95% CI, 0.99-1.01) increase in the odds of 90-
day dialysis dependence, respectively. Baseline predialysis
eGFR and SOFA score were not independently associated
with the primary outcome in multivariable models
(Table 2). In sensitivity analysis, we stratified age by ,60
versus $60 years and baseline eGFR by $60
and,60 mL/min/1.73 m2. As predicted by the nutritional
risk, the OR for 90-day dialysis dependence was homoge-
nous across age strata but statistically significant across strata
of baseline eGFR (Table 3).
In secondary analyses, we used univariate models to

explore the effect of baseline predialysis eGFR on 90-day
dialysis dependence. Baseline predialysis eGFR $60 was
associated with 71% reduced odds (crude OR, 0.29; 95%
CI, 0.14-0.57), baseline eGFR 45-59 with 36% reduced
odds (crude OR, 0.64; CI, 0.15-2.63), and baseline
eGFR 30-44 with 1.3% reduced odds (crude OR, 0.98;
95% CI, 0.18-5.45) of 90-day dialysis dependence.
Adjusted logistic regression revealed the probability of
90-day dialysis dependence is near zero in patients with
SNR and serum total protein 8 g/dL exponentially rising
to above 50% with serum total protein below 5 g/dL
(Figure 2).
Our final model that includes the NRI, age, serum total

protein, number of vasopressor days, SOFA score, and base-
line predialysis eGFR predicts 90-day dialysis dependence
with 56.3% sensitivity and 95% specificity with both
good calibration (Hosmer-Lemeshow c2 goodness-of-fit
test; P 5 0.12) and discrimination (area under the curve
[AUC], 88.9%; 95% CI, 0.81-0.97). In sensitivity analyses,
the model that excluded SOFA score and baseline predial-
ysis eGFR from the final model had a C statistic of 87.3%
(95% CI, 0.78-0.97), while the model that only included
theNRI, age, number of vasopressor days, and baseline pre-
dialysis eGFR without serum total protein had a C statistic
of 79.1% (95% CI, 0.66-0.92) (Figure 3).
Discussion
Our analysis retrospectively reviewed patients with ARF

receiving CRRT in ICUs at a single institution. We



Table 3.Models for Modification of the Effect of Nutritional
Risk Index Across age, and baseline eGFR Strata,
Coefficients Reported as Odds Ratios

Variable

expb1 (95% CI);

expb11b3 (95% CI)

P for

heterogeneity

Age* 2.31 (0.44-12.1); 3.50 (0.67-18.3) .73

Baseline

eGFR†

1.59 (0.41-6.22); 7.75 (1.24-48.3) .03

CI, confidence interval.

*Stratified by ,60 and $60 years.

†Stratified by estimated glomerular filtration rate (eGFR) $60 and

,60 mL/min/1.73 m2.

Table 2. Crude and Adjusted Logistic Regression Models for 90-Day Dialysis Dependence, Coefficients Reported as ORs

Variable Univariable analysis: OR; 95% CI P value Multivariable analysis*: OR; 95% CI P value

SNR 2.87; 0.89-9.18 .07 7.08; 1.19-41.8 .03

Total protein† 0.28; 0.12-0.67 .00 0.16; 0.04-0.61 .01
Pressors‡ 1.07; 1.01-1.13 .03 1.16; 1.05-1.28 .01

Age§ 1.00; 0.99-1.01 .43 1.01; 0.99-1.01 .05

Baseline eGFRk 1.05; 0.98-1.12 .15 1.08; 0.97-1.19 .12

SOFA 1.12; 0.90-1.38 .30 1.09; 0.76-1.56 .62

CI, confidence interval; eGFR, estimated glomerular filtration rate; OR, odds ratio; SNR, severe nutritional risk; SOFA, Sequential Organ Failure

Assessment.

*Adjusted for age, total protein, pressor days, baseline eGFR, and SOFA score.

†Every 1-unit increase in total protein.
‡Every 1-day increase in pressor dependence.
§Each 10-year increase in age.
kEach 1-unit increase in predialysis baseline eGFR.
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explored causal associations and developed a predictive
model for 90-day dialysis dependence using NRI, age,
serum total protein, number of vasopressor days, SOFA
score, and baseline predialysis eGFR using variables we
consider routinely available in clinical practice. These clin-
ical parameters predicted dialysis dependence with an AUC
88.9%; the AUC did not significantly decrease when SOFA
score and baseline predialysis eGFR were excluded from
the clinical model but significantly decreased by 9.8%
when serum total protein was excluded. The secondary
findings that younger age and a higher baseline predialysis
eGFR are strong predictors for renal recovery are consistent
with prior studies.14-16

The multinational Beginning and Ending Supportive
Therapy Kidney study showed dialysis dependence at hos-
pital discharge was 13.8%,17 while the VA/NIH Acute
Renal Failure Trial Network study showed only 16%
were independent from dialysis at 60 days.18 Patients who
fail to recover from ARF have a reduced quality of life
and increased risk for chronic disease.19 This highlights
the need to identify novel tools to improve renal recovery
and reduce the incidence of negative outcomes in patients
with ARF. In this study, we focused on the effects of the
nutritional state and how they may affect renal recovery.
TheNRI is used to identify nutritional risk and is not a uni-
versally adopted tool for determining nutritional status. Its
key features are integrating percentage weight loss during
the past 6 months and serum albumin, both of which are
typically readily available and commonly used measures to
assess nutritional status. Severe malnutrition is prevalent
in patients with acute kidney injury and is associated with
increased in-hospital length of stay and all-cause mortal-
ity.3,20,21 Albumin has antioxidant and immunomodulatory
properties, stabilizes the endothelium,22 and contributes to
vascular integrity, thus modulating transcapillary fluid ex-
change.23 Conversely, the metabolic implications of ARF
are associated with increased production of stress mediators
including counterregulatory hormones, cytokines, and im-
mune mediators that enhance proteolysis, glycogenolysis,
gluconeogenesis, and lipolysis leading to increased urea
production and a negative nitrogen balance.24,25 Under
these conditions, the accepted optimal protein intake is
1 g/kg/day with greater amounts if tolerated and depend-
ing on the coexisting risk factors, such as severe protein cal-
orie malnutrition, liver disease, magnitude of
hypermetabolic state, and whether dialysis has been initi-
ated.26-28 As the process of dialysis can remove amino
acids and intact proteins, patients receiving a more
intense dialysis regimen may have even higher daily
protein requirements. Patients at SNRmay therefore be
targeted for goal-directed supplementation while recog-
nizing overall impairment in protein utilization, metabolic
stress, and the risk of uremic complications.
Furthermore, the pharmacokinetic behavior in critically

ill patients is unlike that in normal subjects for several rea-
sons not limited to renal and hepatic dysfunction. In this
context, drug metabolism or excretion is often significantly
impaired. Hypoalbuminemia, common in critical illness,
decreases protein binding and increases free-drug concen-
tration. Because free drug is the only moiety available to tis-
sue receptors, decreased protein binding increases the
pharmacologic effect for a given plasma concentration
potentially leading to toxicity to an already injured reno-
tubular system, as well as systemic adverse effects. This



Figure 3. Receiver-operating characteristic curves for three
models predicting 90-day dialysis dependence. Model 1:
Covariates include Nutritional Risk Index (NRI), age, serum
total protein, pressor days, Sequential Organ Failure
Assessment (SOFA) score, and baseline predialysis esti-
mated glomerular filtration rate (eGFR). Model 2: Excludes
SOFA score and baseline predialysis eGFR from Model 1.
Model 3: Includes all covariates in model 1 except serum to-
tal protein.

Figure 2. Graph of predicted probability of 90-day dialysis
dependence by Nutritional Risk Index (NRI) plotted against
serum total protein adjusted for age, Sequential Organ Fail-
ure Assessment (SOFA) score, and baseline predialysis esti-
mated glomerular filtration rate (eGFR).
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concept may be used to individualize medications for a
particular patient. From a patient and family perspective,
the ability of their nephrologist to predict dialysis depen-
dence would guide decision-making regarding goals of
care. Additionally, a multidisciplinary team could be better
equipped to tailor care-related recommendations accord-
ingly. At a population level, approximately 1 in every 24 pa-
tients registered as having ESRD in the US Renal Data
System recovered to discontinue dialysis and had been mis-
classified as having permanent kidney failure.15 This has
financial implications as reimbursement policies for dialysis
services differ depending on if a patient is designated as hav-
ing ESRD or ARF requiring dialysis. The Centers for
Medicare and Medicaid Services only started payments
for skilled nursing facility residents in the latter category
in 2018.29 Despite these initiatives, optimal management
of patients with ARF requiring dialysis differs from those
with ESRD,30 questions arise if, when, or how they should
be included in ESRD quality incentive programs.Whether
predictive modeling may have a role to play in this arena re-
mains to be seen.
The primary strength of our study is the heterogeneous

group of critically ill patients with a wide range of medical
and surgical primary diagnoses, allowing for our findings to
be applied to other populations typical of US ICUs. Various
factors may explain the low sensitivity of our predictive
model. First, albumin is not a very sensitive indicator of
nutritional status among ICU patients, as its synthesis is
influenced by numerous factors including hepatic function
and inflammation. Furthermore, the total body weight in
many critically ill patients is often an insensitive parameter
because of progressive total body salt and water retention.
Second, due to data access constraints, we were confined
to model accuracy and were unable to model predictive ac-
curacy. Our model stands to be cross validated with a new
data set. Third, attempts to minimize threats to validity of
causal inference may have been hampered by unmeasured
confounding, small sample size, and selection bias due to
our inclusion and exclusion criteria. However, a priori var-
iable selection enhanced our predictive modeling. Addi-
tionally, our study design excluded patients with ARF
managed with intermittent hemodialysis as they may have
been different from those managed with CRRT. We
selected against patients with baseline predialysis eGFR
,30 mL/min/1.73 m2; Hsu et al in their study found
63% of patients with a baseline eGFR 15-29 mL/min/
1.73 m2 developed ESRD following hospitalization for
ARF.16 Nonetheless, model discrimination remained
good without significant change even when baseline pre-
dialysis eGFR was excluded.

Practical Application
The NRI can be used as a predictor of 90-day dialysis

dependence in critically ill patients with ARF requiring
CRRT. Despite good model calibration and discrimina-
tion, our model’s low sensitivity highlights the intricacy
in the various attributes affecting renal recovery. The addi-
tion of biomarkers to the NRI and clinical parameters,
including serum total protein, may enhance predictive ac-
curacy and further improve our understanding of ARF
and renal recovery.
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